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The invention provides effective analogs of the active GLP-1 peptides, 7-34, 7-35, 7-36, and 7-37, which have improved 
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an enhanced capacity to stimulate insulin production as collated to gluc^on or may exhibit enhanced stability in plasma as 
compared to GLP-1 (7-37) or both. Either of these properties will enhance' the i)otency of the analog as a therapeutic. Analogs 
having D-amino add substitutions in the 7 and 8 positions and/or N-alkylated or N-ac^lated amino acids in the 7 position are 
particularly resistant to degradation in vivo. 
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.5 GLP-1 ANALOiGS USEFUL FOR DIABETES TREATMENT 

TMs is a coritsdgniiation-*^ 
Application Serial No* 4«8/736/ filed 24 January 1990. 

10 Technical 'Field 

The ^inveqitioh relate^ €o the field of iiiproved 
pharmaceutical cuQiiipositioils Specifically, the invention 
concerns analogs of the (|tlucagon-like^:p^ I fragment 

7-36 or 7-37 with improved pharTmacological properties. 

.15 , • 

Background Art: ; ; ' 

Glucose metaLboiism is' regulated by a number of 
peptide hormones, including irisuiin, glucagon, and 
gastric inhibitory peiat^ide (GIF) . The complex mechanism 

20 by which theise Apeptide hotttto^ tfhis metabolism 

and the manner in wtoicSx fehey af f e^^^: ea other is at 
least partially elucidated. For ji^kaftple , glucagon binds 
:t6 receptors on the sur£|ice of tiie piahbreatic beta cells 
whlbh produce insuirin, Sliid /stiiilU^ati^s itisulin secretion. 

25 Gluca:gon-like peptide I has been .stilrcres ted to stimulate 
insulin secretion but mis has hdt*^^ confirmed. 

Several bf thaJfe' hormones' origi from a mam- 
malian glucagon precursor "proglffdagdh^'- which is a 180 
amino acid peptidtei. Proteolysis- aiT^L processl^ng of this 

30 peptide results in a number of thesja protein hormones; 

the results of the processing depfend, on the origin of the 
cells in which thig^.odcut^. For example, in the pig and 
rat pancreas , . proglucjagori; is processed to form glucagon 
and glicentin-related pancreatidi^eptide, a large peptide 
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which contains both GLP-1 and GLP-2 sequences, in 
porcine small intestine, the secreted products are the 69 
amino acid glucagon-containing peptide glicentih and the 
two glucagpn-like sequences r GLP-1 and GLP-2 as separate 
5 peptides • 

In any event, however, the overall sequence of 
proglucagon contains the 29 amiiio acid 'sequencie '6^ ' 
glucagon, the ;36 or 37 amihb ^acl:d 
the 34 aifiino acid eequehcei df 6IiP-'2 ,' "separated by 

10 acid spabef sequences ^' ^ ^ 

Early attempts to assigti a pattern of activity 
to GLP-l gave ambiguous results, and it was subsequently 
concluded that truncated forms of this peptide are bio- 
logically active. Mojsov, S., et al. J Clin Invest 

15 (1987) 79:616-619 disclose that only the 31 amino acid 
peptide GLP-1 (7-37) strongly stimulates the release of 
insulin from pancreas; although both the trxincated and 
full length 37 amino acid form had earlier been found in 
psmcreas and intestine. It has been demonstrated that 

20 GLP-l (7-36) , possibly with the carboxy terminus 

• amidated, is also a potent mediator of insulin release* 
(See, e.g.. Hoist, J.J., et al^ FEBS Letters fl987\ 
211:169-174) . 

The invention described below concerns analogs 

25 of these truncated forms of GLP-1, which have desirable 

combinations of characteristics as they relate to potency 
in potentiating glucose- induced insulin secretion and 
glucose-induced inhibition of glucagon secretion and to 
circulating half -life. The physiological effects of the 

30 truncated forms in potentiating glucose- induced insulin 
secretion have been shown as described above by Hoist, 
J. J. , et al. and Mojsov, S., et al. (supra). The 
. activity of the truncated hormones in inhibiting glucagon 

release has been shown by Orskov, C. , et al. Endocrinol 

35 - 
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(1988) 123 ; 2009-2013; Siizuki, et al* Diabetias 

Research; Clinical Practice (1988) SfSupp, 1);S30. The 
circulating half-life of these truncated forms is 
short — approximately four minutes as shown by Kreymann et 
5 al. The Lancet (December 5, 1987) 130P-1303* Thei 

modified forms of these -fcr^ncated GLP-1 peptides, provide 
the opportunity to op^^^ 

Theire is somejliterature delating to the study" 
of degradation of peptid^^^^ the liver and in 

10 plasma and the half-lif ^ .4>f such^ox^ In vivo 

generally. An early paiidf^by kcDtm^d, J.'K. et al., J 
Biol Chem (1969) 244:619^-6208 6koyed tUat a dipeptidase 
was responsible for th^ degradatibfa pf glucagon in rat 
liver. Studies on the cpcpwth hprmahe releasing factor, a 

15 member of the general gt\jjc GLP-2 family, was 

shown to be rapidly degraded iij: |)lasma in vitro and also 
in vivo by a dipeptidase, (Frohman, L.A. et al., J Clin 
Invest (1986) 78:906-913). J^urphy, W.A. et al., in 
Peptide Research (19^8) ir^6-41, showed that: some but not 

20 all alkylated growth hozrxaone releasing factor peptides 
had higher potency in vf . In par1:icular, for example, 
the triisoprbpylated GBF-'iS was found to be 106 times 
more active than Gi^-2^ itself* On^^t^he other hand,_GilP- ' 
29 which, was in metiiyiated at tJife M'-terminus was only 40% 

25 as potent as th^ parent.. It was al30 shown that 

substitution of D-Ala position. 2 of this hormone enha^nced 
its potency. It was, of course, n0$: certain to what 
effect on properties the enhanc^ent of potency could be 
attributed. 

30 others have attempted some modifications of 

GLP-1 (7-37) . It has been shown that deletion of the 
histidine residue at position 7 greatly diminishes the 
activity of the hormong ( Suzxiki , S . , et al. (supra); 
Hendrick, O.K., et al. Abstract; Endocrine Society 

35 
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fleeting; New Or3;earis, lA (1988) ) . . There have be^ 
conflicting reports "concerning the effect of one or more 
C-termirtai deletions (Suzuki, S., et al. (supria) ;. 
Yaiiaihara, C. , et al. Abstract for A Glucagon and Related 
peptides Satellite Symposium, 8th Intfernation^l .Congress .. 
of Eridbcrinology, July 15-16^ 1988, Osaka, JapM^ 
Howeyj^r , there is an eactens ive literaturis with, .-.regai-d to,., 
modiieications of otii^' maiibMrs of this peptide hormone, 
famxly, su<dx as GIP, glucagon releasing factor, (grf), 
secretin and vasoactive intestinal peptide (VIP) 



Disclosure of the Tiivehtjop 

The invention provides modified forms of the 
GLP-1 (7-34); (7-35); (7-36) or (7-37) human peptide or 
15 the C-terminal amidated forms thereof. The native 
peptides have the amino acid sequence: 

7 10" 15 20 25 

H-^A-E'?-G-T-F-T^S>-D-V-S-S-y-L-E-G-^Q-A-A- 

20 30 37 

K-E-F-I-A-W-L-V-K- (G) - (R) - (G) 

Wherein (G) , (R) , and (G) are present or absent depending 
on indicated chain length. The modified forms contain 

25 one or more alterations of the native structure and are 
of improved ability for therapeutic use. Either the 
modified forms have greater potency than glucagon to 
potentiate insulin secretion or enhanced stability in 
plasma or both. This potency and enhanced stability can 

30 be assessed as described below. 

The standard one letter abbreviation code for amino 
acids is used. 

. The analogs of the invention which show enhanced 
insulin stimulating properties have the foregoing 
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- - ' . y"- -5- ' . " ^ . .. 

sequence/ or the C-teraiiikl amide, thereof / with at least 
one modification seiecteci from tiie group consisting of: 

(a) substitution 6|; a neutxal aiming arginine, 
or a b form of lysine for is^in^^ a^^^ 26 and/or 34 

5 and/or a neutral aMno adid, lysine, or a D form of 
arginine for arginlriei at j^osition 36; 

(b) substitution of an oxidation-resistant amino 
acid for tryptophan at position 31; 

(G) substitution acdording to at least one of : 
10 . '[ Y f or V at position 16; 

K for S at position 18; 

D f or E at position 21; 

S for G at position 22 ; ^ 

R for CJ at position 23; 
15 R for A at pdsition 24; and 

Q for K at position. 26; 

(d) a substitution jcomprisirig at least one of: 

an alternative* siiall neutral amino acid for A 
at position 8; . 

20 an alternative acidic amino acid or neutral 

amino a$id for E at position 9; 

an alternative neutral amino acid for G at 

■ ■ i - ^' i^/ ^ --5:; ■• . ' • - • ■ . . • • 

position iO; and 

an alternative" acidic amino acid for D at 
25 position 15; and 

(e) substitution of an alternative neutral amino 
acid or the D or N-acylated or alkylated form of 
histidine f or histidine it position 7. 

With, respect to mq^^icatibns (a), (b) , (d) arid 
30 (e)^ the substituted' amino acids ^may be in the D form, as 
. indicated by a superscript tr .e-t. , C^. 'ihe amino acids 
substituted at position 7 can also be in the N-acylated 
or N-alkylated foritts^. 



35 
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Thus, one aspect of the invention is directed to 
peptides having enhanced insulin stimulating properties 
analogous to the above-mentioned truncated forms of GLP-l 
(7-34) to GLP-l (7-37) , as described above. 
5 In another aspect, the invent ion is directed. to 

peptides which show enhanced degradation resistance in 
plasma as compared to GLP-l (7-37) wherein this enhanced 
resistance to degradation is defined as set forth below. 
In these analogs, any of the above-mentioned truncated 
10 forms of GLP-l (7-34) to GM»--l (7-3t)~ or tteii^r C-termihal 
amidated forms is modified by 

(a) substitution of a b-neutral or D-acidic amino 
acid for H at position 7, or 

(b) substitution of a D-amino acid for A at 
15 position 8 , or 

(c) both, or 

(d) substitution of an N-acylated or N-alkylated 
form of any naturally . occurring amino acid for H at 
position 7. 

20 Thus, analogs of the invention which are resistant 

to degradation include (N-acyl (1-6C) AA)^ GLP-l (7-37) 
and (N-alkyl (1^6C) AAy' GLP-l (7-37) wherein when AA is 
a lysyl residue, one or both nitrogens may be alkylated 
or acylated. AA symbolizes any amino acid consistent 

25 with retention of insulin stimulating activity. 

For substitutions of D-amino acids in the 7 and 8 
positions, the D residue of any acidic or neutral amino 
acid can be used at position 7 and of any amino acid at 
position 8, again consistent with insulin stimulating 

30 activity. Either or both of position 7 and 8 can be 
substituted by a D-amino acid; the D-amino acid at 
position 7 can also be acylated or alkylated as set forth 
above. These modified forms are applicable not only to 
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GliP-l 07-37) but als9 the shorter truncated analogs as- 
set forth above. 

In other aspects, the invention is directed to 
pharmaceutical compositioris "xiontaining one or more of 
5 these peptides as active r^gredients and to methods to 
treat Type tl diabetes usling these 'i>ept ides or 
compositions thereof . 

Brief Description of the Bravinas ?^ . 
10 Figure 1 schematically outlines the classification 

of amino acids as used herein. = 

Figure 2 gives a;-li^t of various compounds of the 
invetntioh. . 

Figure 3 sho«^ the ipesults iof ' tradiolabel sequeincing 
15 analysis for degradation -df two analogs in plasma. 

Figiire 4 shows the ; res^lts^ of -Various GLP-l (7-37) 
analogs with changes in the amino terminal region, to 
displace ^^^I-GLP-^1 (7-39) - from amino terminal specific 
antiserum. ' v' 

20 - ^ " 

Modes of Carrying Out the ^-Invention 

The ieinaiogs of which are modified 

forms of the GLP^lt^^?4J^ (7-^6) or (7-37) are 

characterized by showingfii|freater potency than glucagon in 
25 an in vitro assay meastjirj^g insulin release from isolated 
rat islets in culture, or by enhanced stability in plasma 
or both. ^ - 

fip^ays foy Aiialoqs with Enhai^isged insi;?,j.n Release 
Stimulating Properties * .:. 
30 One group pf analogjs of the invention is more 

potent than glucagon in stimulating; insulin release from 
islet cells. By being "more potent than glucagon in 
stimulating insulin rele?^ from islet cells" is meant 
that the analog referred to shows greater potency in an 
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in vitro assay selected from the group consisting of the 
following: Rat islets for these assays are isolated by 
the method of Sutton, R. et al . . Transplantation (1986) 
42.: 6 89-691, incorporated herein by reference. Briefly, 
5 Sprague-^Davley male rats are anesthetized and the lower . 
end of the common bile duct is cannulated with a 2 FG 
cannula tied in place. !The left and right hepati^^^ 
sure then iigated separately above the region of the entry 
of psuicreatic ducts into the biliary tree. The rats are 

10 killed by exsanguina^^ solution ' 

containing 7.5 mM Cadl^^ 2a mM HEt'ES buf f er and 1-6 mg/mL 
Type I collagenase are run into the cannula to uniformly 
distend the pancreas. The pancreas is then excised and 
placed in a beaker on ice prior to incubation in Hank's 

15 solution containing 20 mM HEPES buffer at 37°C. 

After 13-25 min of incubation, the pancreas is 
removed and placed in Hank's solution containing 5 g/1 
bovine serum albumin and 20 mM HEPES buffer at 4°C. All 
of the pancreatic tissue is then gently syringed through 

20 a 14 F6 needle, suspended in further Hiank*s solution 

containing HEPES as above, centrifuged: at 50. g for 10 sec 
and the supernatant is discarded. The tissue pellet is 
resuspended and again gently syringed, followed by 
pother wash, after which the dispersed tissue is passed 

25 through a nylon mesh filter of 500 u pore size. The 

filtiered tissue is centrifuged at 350 g for 5 sec, the 
supernatant disccirded, and the tissue is then suspended 
in 25% Ficoll made up in Hank's with HEPES as above, on 
which was layered a discontinuous density gradient of 

3d 23%, 20%, and 11% Ficoll solutions. This density 

gradient was spun at 750 g for 10 min at 4^C, and the . 
. tissue obtained from the upper two interfaces was washed 
three times in Hank ' s solution and viewed through a 
dissecting microscope for hand picking of islets* 

35 
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In one approach the- ability of the GLP-l analog to 
potentiate secretion from these is le^ts is then determined 
according to the method Schat;z, H. *et al. , in "Methods 
in Diabetes Researcb^? ,CA^4^:v61uffle :l/ Part C: paiges 
5 291-307, incorporate :)iier^in by reference. In this 

method, 5-10 inlets per teist txibei ihcubat:ed in 1 mL 
IteiBbs-Ringer-bicarl^nate rteuf f ei^ For 
testing, glucagoh or the m analog of the inveritton 

is added at 5^10 jigjisl^. '%ie leve* of insulin 
10 may be measiired by :.the ,i9€i3^od of Jensen, S.L. et al. , M J 
Physiol (1978) 2l5:B381-iB38]6, incorporated herein by 
reference. • • ' ,r 

The fbliowihg protopbl is a preferred method to 

15 mieasure stimulation of insulin secretion. After 

collagenase digest ioii, the islets are allowed to recover 
overnight by incubatA-on in DMEM (Dulbecco's Modified 
Eagle Meditim 16 w/o glucose) , 2.8 toM glucose 10% fetal 
bovine serum (FBS), at 37i?C, 5% CQ^,. 

20 The next day, islets to be used for the experiment 

are transferred to DMEM, I10 glucpseV b.2%'^BSA (Armour, 
clihicai^ g^^ iat 5% stock) \?Eor a 60 min 

preiiicufaatidn in serym-r^tee, glucose-^fre'^' medium. Islets 
are picked up By Eppeodogf pipette 'and rtransf erred to 60 

25 mm TC plates containing i^O mL medium and returned to the 
incubator for 60 idin,; leiets eur^ counted during this 
transfer* (Note: each dista poiBt is 5 islets, 
experiments are usiially performed in quadruplicate; 
therefore, 20 islets are-^u^ed per diata point.) 

30 Typically, recoveries are 150-2ap iglets per pancreas. 

Any suspect islets— ^too ragged or falling apart — are not 
used. • 

During the 60 min preincubation, the experiment is 
set up, so that all that is needed at the end of the 
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preinciibation is to traiisf^it^ of 5 to - 

experimental cdnditiohs. The experiment is set up in 48 
well TC plates with 0.5 mL mediu^^^ To DMEM-0.2% 

BSA is^ added glucose '1:6 desixed concentration (li^ually 
5 2.8: xdM for hypibglycetaic cohdltio^ 5.6 nili glucose for 
euglycemic, or 16.7 :iiiM^ glucose for l^yp^irgiyceiiiic) ahd^- 
teit ^compoiind at vat tons dose 'rkiige^ ttJP^ c4'lly f i ptt 'tb^ ' 
l(>0^nM) ^ cbmpbia^ 

-80^fcj ^^d'^^--0,3 m!i seri^ally feo^i&j^i^i^^ 
10 saariMtei {PB^^ W^ 

After meiiijuii plus tfest^ cbin|>^^ ^£ixid / % i5 laL itch is 

added to 4 wells for quadruplicate data points. 

After the preincubation period, 5 islets are added 

per well. Islets are picked up by eppendoirf pipette in 
15 25 ul voltime. Incubation continues another 60 min, at 

which time 0.3 mL is harvested per well with care taken 

not €6 pick up islets. Weils are then rechecked for 

islet number. Medima- is' thra assayed 

using an insulin RIAi If medium is not immediately 
20 assayed/ it is stored at -20^C until assay. Dose 

response curves for insulin secretion are plotted and 

EDgQ is calculated from the cxirves. 

Higher potency as compared to glucagon is defined 

as either higher levels of ihsulih released by the analog 
25 using the same cohceritriatiohs of glucagon and analog or, 

alternatively, the same leviel of insulin release but 

using a lower concentration of analog than glucagon. 

While the foregoing assays form specific criteria 

for judging enhanced potency, alternative assays can also 
30 be uised as substitutes for those set forth above. 

An additional test for potency of the compounds of 

the invention measures their ability to stimulate cAMP 

production in RIN 1046-38 cells.. This assay can be. 

conducted as follows: 
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On day 1, 5 x :105 ■ j^^^g.jg ^^^^^g (Drucker, D^J., 
et al., Proc Natl Acad Sdi USA (1907) 84:3434-3438) are 
seeded into indiVf&u'kl wells of. 6 -well dishes with 2.5 mL 
M199 culture iaedium. On day 4, bells are ..re-fed with 
fresh medixim and on day" 5 the asss^y is performed. At 
this time there are -2.0-^1.5 x IQ^ cells per well. 
Assays eure only performed jbn cell^ paiSsage $24. 

At time -50 min, m(ijSl>layers arie washed twice with 
2.5 mL PBS, arid meditun is^tii;ianged to 1.0 mL of DMEM 
mediiim plus 4.5 g/1 glUcpsfe and 0\.lf BSA (assay medium) . 
At 0 time, medium is aspirated and fresh assay^ m^edium, 
1.0 mL, containini^ test compouncf is added. Test compound 
is added in 50 ul volume of PBS plus 0.1% BSA; controls 
are added in vehicle alone. Inciibation is continued for 
0 to 60 min. 

At termination, conditioned medium and monolayer 
are harvested to measure both exti-a- and intracellular 
cAHP content; For extracellular measuirement , medium is 
removed and centrifttged td remove any cellular debris. 
For intracellular determiiriat ion, after medium removal, 
l.p mL of ice cold. 95% e#ianol is. added to monolayer. 
Cells are collected VY scoping, ^y^^d by two cycles of 
quick freeze/thawing using liquid N2'.^^ debris 
then removed by cehtrifugation. ^ •Ali9[^ (1/4 0th well 
content) of conditidned iiedium aind ^thsmol cell extract 
are mejasured in duplicate for cAi^ levels using an RIA 
kit by the acetyla€ed protocol. . ' 

As above, higher potency as compared to glucagon is 
defined either as higher cAkP stuaulation by both the 
analog ahd glucagon at thie same cbncehtratioh, or the 
same cAMF stimulation by the analog at a 'lower 
. concentration. 

Still other assays for measurement of enhanced 
potency to mediate insulin release can be used. 

«3 O • 



30 
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The ability of the comppunds to potentiate the 
release of insulin can be tested both in vitro and in 
vivo . Insulin released can be detected using a standard 
antibody assay both in analyzing plasma in in vivo 
studies ai?d in analyzing media .or perfusion liquid in 
YXt.ro. ' ■■ '. ' J. / 

For example, a useful in vitro assay usea t:hi> 
p.EAcr|aajtic inf usiop, .assay^ method pf P^enhos ,^ J,. C ^1 • 
P4,^b?itfis (19.6?) ~.jis73,3^-p,|^^^ in th^ ^^thod ,of 

W^ir, G.C. , et al. J Gliii -invest iAat n97A\ ,Mf.l^.PA-J-412. 
Insulin secretion can also, be measured by the method 
described by Hoist, J.j;, et al. FEES Letters (1987) 
211:169-174 (supra) • Also useful as an assay for 
insulinotropic effect is the meastirement of stimulation 
15 of adenylate cyclase in the RIN 1046-38 cell line. 
Dmcker, p. J. et al. , Proc Natl Acad sci USA (1987) 
84 2 3434-3438 (supra). 

Inhibition of glucagon release can be shown as 
described by Orstov^ C., et al. Endocrinol (1988) 
20 123:2009-2013; Suzuki, S. / et al. Diabetes Research; 
* Clinica l Practice (1988) 5(Supp. 1) :S30 (both supra). 
Assays for Enhanc ed Stability to Degradation 
The therapeutic efficiency of the GLP-1 analogs of 
the invention can also be enhanced by proyiding analogs 
25 with increased half-lives in vivo . By "enhanced half- 
life in vivo " is meant a demonstrated ability to resist 
degradation in the presence of plasma according to an 
assay selected from the group consisting of the 
following. In all assays, the plasma is prepared by 
30 collecting blood into heparinized tubes, placing the 

tubes on ice and centrifuging at about 3,000 rpm for 10 
minutes ina tabletop centrifuge. The Separated plasma 
is stored at 4*»C. 
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A. Radio label Seqiieneifia ; 

The GLP analog is lajDelied:;, by radio-iodinatipn in 
position 19 using standai^ radiplab^ling methods. After 
exchange into RIA buffer; (50-. mK KaHPp 7.4,, 0.25% BSA . 
5 (Armour insulin and FFA fre^) / 0.5%j BME, 0^002% 

poly lysine (Sigma 15,000 mw)> 0.05% Tween 20, 0.1% NaN^), 
the radio iodihated peptide (abqut 10 cpm/SO mL) and cold 
imiodinated peptide (20 jiil 100 nM) are added into 2 ml of 
plasma to a final conceii^ration of ,i nM emd incubated in 

10 a circulating water bathr^or preset times. Total RIA 

buiffer added to plasma rii^er exceeds 5% :Of total volume. 
At the end of incubation^ 10% iit^^citracin (w/y) in water 
is added to a finja^i Concentratiort of 0*1% to stop the 
reaction. , j. . • -r*" ' 

15 The pldLsma is then i^s^z^cted using C18 Sep-Pak to 

separate the analog and any fraginehts from the bulk of 
the plasma proteins. Sep^pak car^tridges (Waters) are 
washed with 2 raL of 1-prc^anpl ,^ followed by 2 mL of water 
and then equilibratte5i wi^ ? mL of 20% CH^CN containing 

20 0.1% trif luoroacetic :afci^^ (T^ (Buffer A) . 

The bacitrac^ijTjtre^ is made 2.0% CH3CN 

with CH^CN cpntaiivj^rig 0. i% TFA and is. expressed slowly 
through a 3 mL plasjtic syringe through the; cartridge. 
The csortridge is then .wa$hia4 with, two l.mL Buffer A 

25 washes and eluted with a*^ jingle: 2 mL wash of 50% CH3CN 

containing 0.1% TFA (Bu^^er B)^ inta-'fa siliconized 12 x 75 
glass tube* Recovery of the analog or fragments is more 
than 90%. 

The eluates are concentrated to 100 .../ul in a Speed 
30 vac and transferred . to a 1.5 ainii Bppendo^-f tiibe to which a 
1 mii RIA buffer rins^ of the original tube had been 
. added. 

To purify any anaipg or its fragments when the 
analogs of GLP-1 (7-37) are used,, the concentrates are 
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treated with 5 ^il of antiserum prepared to a synthetic 
peptide cprresponding to residues 24-37 which recognizes 
GLP-1, GLP-1 (7-37) but not GLP-1 (7-36) . When the 
shorter forms of analogs are" used, alternate carboxy \ 
5 terminal-specific antisera (prepared in ,the same manner 
but using a peptide corresponding . to . residues 24-34^ 24- 
35 or 24-36 as immunogen),^^^^^ ^sied. To .this, ^s, added 100 
111 of a 10% (w/v) solution of . protein >A-Sepharose . . 
(Pharmacia) in PBS, and the mixtxire is incubated . ^ 

10 overnight at 4 ^ C , with gently ; rocking . . The ; Sephar os& ..is 
then pelleted: with a 5 second spin in an :i^ppendorf 
centrifuge at 4*C after yhich the pellet is. washed. two. 
- times with cold RIA buffer and four times with cold PBS. 
Polyclonal antisera were raised in New Zealand 

15 White rabbits against a synthetic peptide fragment 

corresponding to residues 24 to 37 of GLP^l (7-37) using 
the method of Mosjoy, S. et al. , J Biol Chem (1986) 
26i: 11880-11889. Initial immunizations were into the 
inguinal lymph nodes and used Freund's complete adjuvant. 

20 Two subcutaneous boosts were performed, at 1 week 
intervals after the initial immunization and used 
Freund»s incomplete adjuvant. For a single immunization 
or boost 100 Mg peptide and 100 fig methylated BSA 
dissolved in 0.3 mL phosphate-buff ered saline (PBS) were 

25 emulsified with 0.9 mL adjuvant. Bleeds (50 mL) began at 
week 6 after the initial immunization and continued at 1 
month intervals thereafter. Repeat boosts were performed 
as above when titers dropped noticeably from the level of 
the previous bleed. 

30 Serum was prepared by allowing the blood to clot 

overnight at 4*»C. The clot was pelleted by 
. centrifugation at 2000 g for 15 minutes and the serum 
removed. Serum is stored in aliquots at -20 or -80«»C. 
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The peptides are then eluted from the antibody 
protein-A sepharose comptex with, thajee 100 /il washes of 
Buffer B. The combined 300, /il of wish are then applied 
directly to an ABI mbdel 477A sequencer used according to 
5 the manufacturer's instructions. Fractions from each 
cycle are then diverted Ipr Counting. Counting can be 
effected in 4. mL agtieousv^^ '(ACS, Amersham) . 

The cycle at which label appears itidicates the 
extent of degradation fr Gin the N-teitminus. If no 

10 degradation from the N-termi^us has' occurred in the GLP- 
1 (7-37) analog, aid of the label will appear in the 13 th 
cycle, corresponding to the tyf:0|4ri(e at position 19; if 
degradation has occurred, t^ie label will appear in 
'earlier cycles. '^f'*- . . ' ' ' * " • 

IS B* Assay fay RP-rHPIiC * . r c^? - 

While the foregoinigf method is^^ criterion for 

exhibiting a longer ha^f-life in' pla^^y alternative 
forms of the assay if or tMs proper ty can also be used. 
In one convenient assay, 1:he analog' can be assessed for 

20 degradation into fragmeni^s using reverse phase-HP 

sinc^ the fragmejats have d^f f ere^ times from 

the analog per se. ifl this atefay, th^ analog is added to 
plasma for y?u:ious times and reGov^red similarly to the 
method described aEe^ sequencing 

25 analysis. Specif ic£aiy, '«ie anitloff at a concentration of 
100 nM in.RIA buffer is /^iked ittta 1 mL plasnia to a 
final concentration of 1 nM and' ^f ter incubation in 37 •C 
circulating water bath fpr vario\»s; preset times, the 
reaction is stoppied by bi^ingirig the plasma to 0.1% (w/v) 

30 in bacitracin. ' ' ' j;. 

The peptideis are then 'purif i^ by Sep-rPak 
extraction as described above, .^he'eluates cire 
concentrated to about 1 mL on a Speed- vac, diluted with 1 
mL distilled water, frozen at 80*^C and lyophilized 
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overnight. The powder is resuspended in 0.5 mL Buffer C 
(0.1% TPA in water) per mli starting plasffl<?i and 0.25 loL 
are injected on a Hewlett-Packard 1090L liquid,/ - 
chromatograph. using an Alltech C18 column (.0.45 x 25 cm; 
5 10 /im P^urticle size) with a B^pwnlee 2 cm C18 g;^ia^d 

coitmn. The extraction is mpnitpred at 0^224 rtjhrqughout 
the run and the solvent f low, rate . was . l .mL/minute. A 
gradient between ;Buffer .C Md Buffer.. P :(0,,.1%^ ^ 
acetonitrile) is set up over a_40 , minute rwn jfeime. - .The 

10 g^di^n^.^^rt^^ a^ i^^^ p i^ ^^Id^f pr,;t^ 

after injection and then incre^as^d to 42% D, oyer 24 
minutes.. 7%e^ gradient is then increased to 60%. D oyer 
the next two minutes, held at this level for 2 minutes 
and returned to 35% b over the next 2 minutes. The %D 

15 remains at 35% for the remaining 8 minutes of the run ♦ 
Fractions are collected at 0.5 minute intervals for the 
first 30 minutes of each run and dried in a Speed-vac. 
The samples can be assayed for the presence of analog or 
fragment using RIA (measuring competition with labeled 

20 GLP-1 (7-37) for binding to C-terminal specific 
antiserum) or by any conventional or convenient 
alternative method. 

Radioimmunoassays for the amino or.carboxyl 
terminus- of GLP-l (7-37) use a single antibody 

25 displacement format. Binding of ^^^I-GLP-l (7-37) to 
emtibpdy is inqrementally displaced by increasing 
concentrations of unlabeled peptide in. solution. 
Antibody bound iodinated peptide is separated. from free 
iodinated peptide in solution by precipitation of the 

30 antibody-peptide complex with Pansorbin™ (Boheringer 
Mannheim) . The resulting pellet is then counted on a 
gamma counter. 
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C. Loss of Bindtncr to N-TPftrininai Sp^^ 

Antibodies ; * • 7^ * 

A third approach assessment of half-life in 
plasma utilizes pplyclanal ^or mohbo^pnal antibodies 

.5; specifically prepaired to^ "the N-t6rmiiius which .will fail 
to bind degraded analog*" These aiiti^er^ were .raised 
against a synthetic peptide cor^B^pS^^ GLP-l (7- 

22) which contains an additional cylsteine residue at the 
carboxyl terminus and is sp^if icaliy coupled to KLH via 

10 the cysteine using mal^:sa6^HSNA ^ described by Aldwin, 
L- et al. Analvtioal Biochem (1987) 164 :494-5011 
Polyclonal antibodies Were gen^eifced in New Zealand white 
rabbits by giving a p^imaify immunization into the 
inguinal lymph hodelis ^0 pq c^ijiq^ugate emulsified with 

15 Freund's complete sajuX^iilb and then' two subsequent boosts 
of 200 fig each^in Piffitiftd'^ incc^^^ 2 week 

intervals. Blood (50 mL) is cdlt^cted monthly thereafter 
and boosts are performed if titers For 
generation of monoclonal .aritibodies, Balb/c mice were 

20 immunized intraperitorieally -with "200 /xg of conjugate in 
* 0.5 m^L Freund*s complete adjuy^nt. Mice >mre boosted 
biweel^ly with 100 jj^ conjugate in 0.5 ml Freund's 
incomplete a^djuyaftt. Q^^i^s isoiatteli' from the spleens of 
these mice wer^ fus^d Wi^ Fox-KY/ dells to produce 

25 monoclonal qell lifteg. Monoclonal secreting cell lines 
: are produced using the ^tUtjrtftard Kohlfer-Millstein 
technology. Mbnodlonal ^ufTernatShts ahd polyclonal sera 
are screened using an EUE^A siethod for binding to GLP-l 
(7-37) but not to GLP-1 (i-37) . The specificity is 

30 confirmed in standard sdl^t^^^ phaise *RIA. 

The kineti6s 6f (7-37) are 

followed by adding the analog to human plasma in RIA . 
buffer, generally 10 jiL df " too x concentrated peptide is 
added to 1 mL of ]^lasma to obtaih the desired 
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concentxation; the sample is then incubated in 37*^C water 
bath and triplicate 50 fih aliquots are removed at various 
times. The aliquots are immediately ethanol precipitated 
for radioixununoassay using a" competition for binding of 
5 the N-terminal specific antijbpdy with radioiodinated GLP- 
1 (7^37) . Disappearjsince of the ability to compete with 
the radioip<dinated GLP-l (7-3J) p,eptide ii^dicate^^ 
degradation of the analog. :>o.> : ;^ : . a ^- 

In any of thesja a^^ays , the an^iipg.^^^ 
10 . ezihancftd .stabtli^ if it, is, le^s rapid^y^^d^^^de^.,tha^^^ 
GLP-l .(7-37),. , 

The Analogs 

The analogs of the invention having higher potency 
15 than glucagon or having enhanced degradation resistance 
are modified forms of GLP-1 (7-34) through GLP-1 (7-37) 
wherein, in some instances, amino acids of certain 
classes are substituted for the naturally occurring 
residues. 

20 Amino acid residues can be generally subclassif ied 

into four major subclasses as follows and as shown in 
Figure l. . 

Acidic: The residue has a negative charge due to 
loss of H ion at physiological pH and the residue is 

25 attracted by aqueous solution so as to seek the surface 
positions in the conformation of a peptide in which it is 
contained when the peptide is in aqueous medium at 
physiological pH. 

Basic: The residue has a positive charge due to 

30 • association with H ion at physiological pH and the 

residue is attracted by aqueous solution so as to seek 
the svurf ace positions in the. conformation of a peptide in 
which it is contained when the peptide is in aqueous 
medium at physiological pH. 
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Neutrai/nonpolar: . Ill residues are -not „ charged at 
physiological and the residue is repelled by aqueous 
solution so as to seek th^ inne^ ^positions in the 
conformation of a peptide in- which it is contained when 
5 the peptide is in aqueous inediiiiii'/ ^ese residues are 
also designated "hydrophqtoic** herein. 

Neutral/pola;:: Th0 1 res id^i^s are not charged at 
physiological pH, but the residue is atttacted by aqueous 
solution so as to seek tjie>:puter posit i<?ns i 

10 the conformation of a pefj^tide in vAiich it is contained 
when the peptide is in ^cwiuebus jae^i^^ 

It is understood, of course, that in a statistical 
collection of individual residue molecules some molecules 
will be charged^ and same^notr^! j^pA therg will be an 

15 attraction for or reptil^ilpn froja an, aqueous medium to a 
greater or lesser extent.; To fit the definition of , 
"charged", a signif ipant^,|erp^nt4f (^^^^^^^^ ap- 
pro3Cimately 25%) of the individual iMlecules are charged 
at physiological pH. The degree;; d or repul- 

20 sion required for classification polar or nonpolar is 
arbitrary, and, therefore, amino acids specifically 
contemplated by the inyed^ have been specif ically 
classified as one or the; other. Most amino acids not 
specifically namecj^f can ^^^^1^^^ on the basis of 

25 Icnown behavior. . - ./ 

Amino acid residues can be further subclassif ied as 
cyclic or noncyclic, and aromat^ti ori nonaromatic, 
self-explariatoiy ciassifi<?afc1:io©s with respect to the side 
chain substituent groups. >f the ifasidues, and as small or 

30 large. The residue^ is considered small if it contains a 
total of 4 carbon atoms or less, incplusive. of. the. 
. carboxyl icarbon. Small r^sidiaes are, of course, always 
nonaromatic. 
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; , For the naturally occurrixicr protein amino . acids /* 
subclassificatioh according to the. foregoing scheme is as 
follows (s^e also Figure 1). 

5 Acidic ; Aspartic acid and/ Glutamic acid; 

Basic /noncvcllc ; Arainine. /Lysine: ; c a r 

■ . • ' ■ '^v::^ • . . ' ^ ' 'y-^u: . -y-ri^r^ ^•*vj::r. :;f;:.v. 

Basic /cyclic : HistidiJi(B7 r ^^^^^ , ^ i;^^^^ 

10 ^ . • : , ,^ ■ '-^iZp^Z /'i^^^^ 

yeytral /polar / s^e^H ; Glycinev Serine and 
Cysteine; 

yeutra J, /poj-^y / large /nonaromatic : Threonine, 
15 Aspcoragine, Glutamine; 

yeutral/polar/large/aroimatic: Tyrosine; 

Neutral/nonpolar /small ; Alanine; 

20 

Neutral /nonpolar / large /nonaromatic ; Valine, 
ISO leucine. Leucine, Methionine; 

Neutral/nonpolar/larae/aromatiG : Phenylalanine, 
25 and Tryptophan. 

The gener encoded amino acid proline, although 
technically within the group 

neutral/nonpolar/ large/cyclic and nonaromatic> is a 
30 special case due to its known effects on the secondary 
conformation of peptide chains, and is not, therefore, 
included in this specific defined group • 

Certain commonly encountered aminp acids, which are 
not encoded by the genetic code, include, for example, 

35 
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beta-alanihe (bejba^ala) , :or other caft acids, such 

as 3 -amino propionic, f^amiho ImtK^^iic and so forth, 
alpha-aminoisobutyrip acid (Aib) ,^ ,^4ircosine (Sar) , 
ornithine (Orn) , citanailiiien(Git) , hp 
5 t-butylaianine (t-BuA) :t-butylglycine (t-BuG) , 
N-methylisoleucdLne (^T^^i^^lfl^ 

cyclohexylaianine ((^a>4i^J=^i cysteic acid 

( Cya ) and methionine i^si^f (MSOj • These also fall 

conveniently into particular cat<pgpi|ies« 
10 Based oh the ay|x>ve jdef inition, 

Sar and bet^-ala ar^ neutrial/TO 

t-BuA, t-BuS,:^Nr^M4|le, Nle^^^^^^ 
neutral/nonpolar / l€urge/^if^a|^ 

Har and Orh..OTe bajj^iG/noncyclic; . 
15 ■. Cya is aciciic; -t .t-ivn^.. 

Cit, Acetyl Lys, and [MSO are - 
neutral/polar/ larg^/nonai^romatic; : and 

Phg is neutral/npnipolar/ large/ aromatic. 

See, also/ Figure I • 
20 The various omega-|taino acids are classified 

according to size as neutfal/npngoiir^ (beta-ala, 



I.e., 3 -aminopr op ionic , 4 -ajaindbutySric ) or large (all 
others) . 

Othezf amino acid sijbstitutions f or tJiose encoded in 
25 thq gene can also be included i|i :p^)feid!^ compounds within 
the scope of the invention and dan. .>e^^c^^^ within 
this general scheme. 

The nomenclature ug^d tQ\4^cribe GLPtI analog 
compounds of the present invention follows. the 
30 conventional practice wherein the amino group is assumed 
to. the left an^ the carboxy grottp to the right of each 
amino acid in the peptide. In the forinulas representing 
selected specific embpdii^ents of the present invention, 
the amino- and carboxy- teirminal groups, although often 

35 
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not specifically shown, will be understood to be in the 
form they would asstme at physiolpgical pH values, unless 
otherwise specified. Thus, the N-terminal 
C-terminal-o" at physiological pH are understood to be 
5 present though not necessarily specified and shown, 
either in specific examples or in generic forau^^^ 

The foregoing desdribies the status of the termini 
at neutral pH; it is uhderstoodi, of course, that the acid 
additibh salts or the basic salts of the peptides are 

10. also included within the scope of ,the invention. At high 
pH, basic salts of the C-^terminus and carboxyl-containing 
side chains may be forined from nontoxic phajnaaceutically 
acceptable bases, and suitable counter- ions include, for 
example, Na , K , Ca and the like. Suitable 

15 pharmaceutically acceptable nontoxic organic cations can 
also be used as counter ions. In addition, as set forth 
above, the peptides may be prepared as the corresponding 
amides. 

Suitable acid addition salts with respect to the N- 
20 terminus or amino group-containing side chjsiins include 
the salts formed from inorganic acids such as 
hydrochloric, sulfuric, or phosphoric acid and those 
formed from organic acids such as acetic, citric, or . 
other pharmaceu1:ically acceptable nontoxic acids. 
25 In the peptides shown, eacAi encoded residue where 

appropriate is represented by a single letter 
designation, corresponding to the trivial name of the 
amino acid, in accordance with the following conventional 
list: 
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. One~Letter 
Aroino Acid Symbol 



20 



Alanine. 


A. 


Arginine 


. R. 


Asparagine 


N 


Aspartic acid ' 




Cysteine . 


' .^ • C, 


Glutamine 


Q 


Glutamic acid 


' . e"; 


Glycine 


• 


Histidine 


... H 


Isoleucine 


•■ I ■ 


Leucine 


L 


Lysine 




Methionine 


M 


Phenylalanine 




Proline 




Serine 




Threonine 


t" 


Tryptophan 




'^Tyrosine 




:Valin^ 


' ■■■ ■ . • V 



The jamxno acids not encoded genetically are ab- 
25 • 
breyiated as indicated aboye; 
.' * " ■ . • •• 

In the specif ic peptides of the present applica- 
tion, the L-f orm of ahy' &nino acid residue having an 
optical isomer is intended unless otherwise expressly 
indicated by a dagger (fj! superscript* While the 
residues in the analogs §f the invention peptides are 
iiormally in the natiiral ^ optical isomer fpirm, one or 
two, preferably one; aminb acid in addition to a 
specified *'same-amino-a[cid-^D f brm/*^ substitution for the 

35 . 
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naturally occiirring amino acid may be in the D 
configuration • 

In the notation used in designating specific 
analogs, the positions , modified eure shown as superscripts 
5 to the replacement amino acid; thus, (H^)-^^^ 

the noted GIJ>-l(7-37) form wit^ the p form of histidine 
substitirted at position- 77 : v.^; / - , ; ^ ^j-'- '^P - 

(S) ^2 (Hj 23 (R) 24^Qj 26^gj^^j^^^^3^y refers to the 7-37 GLP 

form wi^h serine at position 22, arglnine at positions 23 
10 and 24,^^ emd 

Preferred Embodiments 

A. Enhanced Stimulatory Analogs 

For analogs with increased insulin-stimulating 

15 activity, particularly preferred analog compositions of 
the invention are those wherein only limited numbers of 
modifications or substitutions, as compared to GLP-l 
truncated forms are made. Thus, preferred aire those 
analogs where the modifications described in only one or 

20 two of the paragraphs (a) -(e) set forth above in the Dis- 
closure section occurs . 

Thus ^. among the preferred analogs of the invention 
are those wherein the (7-34) , (7-35) , (7-36) or (7-37) 
form of GLP-l has been modified only by substitution of a 

25 neutral amino acid, .€u:ginine, or. a D form of lysine for 
lysine at position 26 and/or 34 and/or a neutral amino , 
acid, lysine, or a D form of arginine for arginine at 
position 36 (paragraph (a)) . Particularly preferred are 
those wherein the amino acid substituted for lysine at 

30 positions 26 and 34 is selected from the group consisting 
of K^, G, S, A, L, I, Q, and M, and for arginine at 

position. 36 is selected from the group of K,.K^, G, S, A, 
L, I, Q, M, and R^.. * 



35 
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Also preferred are a^klogs whi^rein the sole ' 
modification is. the sti^astitution oiC. an - 
okidation-resistant aMino. aisid fojp t^ryptophaii at position 
. 31 (paragraph (b) ) • Patticularlj;^. favored ^ 
5 are selected from l^e gioup oc^xst4:ng of V, L, I, A, 
• and Y. . ' . . " .^ >• • .... 

Also preferred ar^?^ those analogs wherein the only 
modification is at legist ohe of tht^se ^ecific 
substitutions set forth iii pvagraiiiL (c) . Particularly 
10 preferred are those anaj^ogs wherein combined 

sxibstitutions of S. for G at posit i<#i 22, R at positions 
23 and 24 for Q and A reject ively," 5ind Q for K at 
position 26 have been made, or substitutions of Y f or V 
at position 16 and K for S ait position 18 have been made, 
15 or these substitutions plus D for E at positions 21 have 
been made. 

Also preferred are;^ analogs wherein the sole modi* 
f ications are those set tprth in paragraph (d) . Par^ 
ticularly preferred among these are; those wherein the 

20 small neutral amino acid., siibstituted for alanine at posi- 
tion 8 is selected fromjth^ group consisting of S, , G, 
C, C^, Sar, A^, beta^ala^ and Aib; and/or the acidic or 
neutral amino acid substituted for glutamic at position 9 
- i;s> selected from the ^oup consisting of E^, D, D^, Cya, 

25 ^ T, T^> N, N^, Q/ , Q$i%^ MSO^ and acety and/or the 
alternative lijeutral amiii6 k'cid substituted for glycine at 
position 10 is selected from €he group consisting of S, 
S^, Y> y''*, T, T^v N, N^, Qv^.Q^,. Citi MSO,. aCetyl-K, F, 
and F' ; and/or ^ereij]^. is substituted for E at position 

30 15. 

Also preferred ar.^ /analogs wherein position 7 alone 
has been altered (p^agriph. (e) ). Preferred 
substitutions are thosecjCijherein the^^mi^ acid 
substituted for histidine at position 7 is selected from 
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20 



25 



30 



the group consisting of Hf pt^ ^t. 



9 



Om^, M^, N-formyl-H, N-formyl-H^, N-acetyl-H, 
N-acety , N-isopropyl-H , N-isopr opy i-H^^ , N-acety l-K; 
N-acetyl-K^, and P^. 

Also preferred are embodiments with a cc^ination 
of only two of the above-ref erenced classes of moa;ffied ^ . 
forms, in addition to the f ollowirig' speci^iSt, embodiment^ • 
The following^ specif ic afia^^ 

(H%^-GIiP-l C7-37) ) ' — " > < : r^ ^ -. ^ 

(Y)-^Lp4i^(7-3T)-; ' ^ - ^ ^ 

- (N-acetyl-H)^-GLP-l(7-37) ; 
(M-isopropyl-H)^-GLP-l(7-37) ; 
(A^)®H5IiP-l(7-37); 
(E^ )^-6LP-l(7-37) ; 
(D)^-GLP-l(7-37); 
(d''')^-GLP-1(7-37) ; 

(f''*)^°-GIiP-1(7-37) , ' 

(S) ^^ (R)^^ (R) (Q)^^-GLP-l (7-37) ; and 
(S) ® (Q) ^ (Y) " (K) ^® (D) ^^-GLP-1 (7-37) • 



B* Enhanced Stability Analogs 

Preferred forms of analogs with enhanced stability 
also have only one, or ait most tWo, amino acid 
modifications. 

Preferred substitutions for the histidine at 
position 7 include the D-forms of acidic or neutral amino 
acids or the- D-forms of histidines. Preferred are P^, 
p"'', Et, Nt, fit-, L"f, v'f,.lt and H^. 

The histidihe at. position 7, or a replacement (D or 
L) , can also be N-alkylated (i-6C) or N-acylated (1-6C) . 
Alkyl groups are straight or branched chain (including 
cyclic) hydrocarbyl residues of the indicated member of 
C . Acyl groups are of the f oriaula RCO - wherein R is 
•alkyl as defined above. Preferred alkyl 'groups are t- 
35 propyl., a-propyl and ethyl; preferred acyl are acetyl and 
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propionyl. Preferred r^jsidues' whicli may be Alkylated or 
acylated include P, D, E,; Q, v\ L,..!,- K.and H in 
either the D or L form. 

Preferred substitiitioiTs for alaiiine at position 8 
5 are the D-f orms pf P ^ ^:4^lir ^ I , and aV . also preferred . are 
- ^ ^® D-forms of p, E, ^^tij^, K, % and ti. 

It. is understood, lis is demohstrated below, : that 
some specif ic analogs :show botti^^ insulin release 

stimulating aptivity anf. eiijCiaiifced stability. 

Preparation . 

The analogs, oif th^^^^ prepared .using 

standeurd solid-phase tephnigues for the synthesis of 
peptides* As is generally, knowi>^^ ^^p^^ 
15 requisite lengt^i cj^n be ^r^pare^^ psiiig coinmercially 
available equipmeitt and f eag^n^ 

manufacturers* instructions for blocking interfering 
groups, protecting the ajtiino acid to be reacted, 
coupling, deprotection,i^nd, cagpirig of unreacted 
20 residues. Suitable equipment can be obtained, for 
.®?^?^P^®' ^^^.i^PPj-i^!?^ Pi"?Sy|5t^^^^ city, 
Calif orn4.a,, or. i^Bips^ch i.?^^ in San Raphael , 

^ California. 

i V a preferred jaetjipd, the peptides are synthesized 

25 using standard, automated ■ spli^jrhase .synthesis protocols 
employing t-butoxycarbotty l-al^^^^^ acids with 

appropriate side-chaiji ^rbtebtion.,- ■ is 
removed from the solid phase su|^!^ with: siniultanebus 
side-chain deprotection tt.s.ing the standard hydrogen 
30 fluoride method. Crude:, peptides are further purified by 
semi-preparative reverse phase-HPLG (Vydac 0^^) using 
acetonitr ile .gradients ji^i ft. i% trif luoroacetic acid 

■ , •.■V'.; \ * ■ 

(TFA). The peptides; tirg'vacuuin^^^ 

acetonitrile and lyophi.'iLiz.!ed frjpL.a solution of 0.1% TFA 

1 C . 
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in water. Purity is verified by "analytical RP-HpLC, The 
peptides can be^.lyophillzed and then solubilized ^ in- . 
either water or 0.01 H acetic acidvat conpentratiohs of 
1-2 ag/mL by weight.,, 7 
5 : The use of the aforementioned ^synt^ is 

needed/ if nonencocjed ami^9 ^SidSvprv 

acids occur in. toe, peptides . , ^ However;:^ ] f or^ pepj: ides;?: iwhich^i 
are ,gene:-,encoded, recourse can also be had to re- 
combinant , tfchniques^usinp readily^: synthes^^^lMHljo: 
10 segu^nces in. commercisilly ^^yaiil^^^ expriession^^f^ystems . 

Fom^ulation and -Administration 

The analogs of the Invention eore jiseful in the 
treatment, of Type. II diabetes. The analogs can be 

15 administered systemically in a variety of formulations , 
as is generally known, in the art. Formulations 
appropriate for particular modes of administration for 
peptides are set forth in, for example . Remington ^ s 
Pharmaceutical Sciences ^ latest ledit ion. Mack Publishing 

20 Company, Easton, Pennsylvania. In general, the 

formulations utilize an effective amount of the analog or 
mixtures of analogs and at least one pharmaceutically 
acceptable excipient« 

A variety, of modes of administration^ .a^ effective 

25 in systemic treatment, such as injection, including 
intravenous, intramuscular, subcutaLnepus^; and 
intraperitoneal injection; transmembrane or transdermal 
administration, . using suitable suppositories or sprays; 
and, if properly formulated, oral administration. . Suit- 

30 able excipients for injection include ygorious physiologi- 
cal buffers, such as Hank's solution and Ringer's solu- 
tion; suitable transmembrane or transdermal formulations 
contain penetrants such as bile salts or fusidates; and 
typical oral formulations contain protective agents which 



wo 91/11457 



iPCTAJS91/00500 



'. * * . . . ' . 

inhibit the digestion of ^the active ingredient. Also 
available . are various slow-release formulations involving 
macromolecular matrices ^uch as pyrroiXdones and iaethyl* 
cellulose. Alternate dtug dfelivery systems include 
5 liposomes and microcmulSions. A vajriety of formulations' 
are workable, and the pifovlsion of appropriate formula^ 
tions for the selected ^efptides and administration routes 
is generally uxiderstood by practitioners. 

A typical dosage range for the compounds of the 

10 invention is about 1 pg/kg-l mg/Hg body weight, although 
these are approximatiQns ^depending upon a' 'large number of 
factors including the potency of the analog, ,its 
circulating half -life, the individuiSLl characteristics of 
the subject, and the lik^. Optimization df 

15 administration of insulin for diabetic treatment of 

individuals is well established, atid similar pptimization 
protocols are employed here . 

Examples 

20 The following examples are intended to illustrate, 

but not to limit, the invention. _ 

r' 

Example 1 

Enhanced Insulin Stimulation by Analogs of the Invention 
25 As Shown in Figure 2 v analogs .of the invention 

having a variety of subs^liiiuents modifying the native . 
structure have been prepared^ Sone of thise analogs have 
been tested in the adenylate cyclase assay ref ierenced 
eOb6ve, with the results shown in Table 1. 

30 



35 
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TABLE 1 



10 



15 



20 



25 



30 



0.16 
0.16 



80. 0 



NR . 
10.0 
NR 



>1000 

70 
130 
150 



Positive Controls 

GLP-l(7-37) . - 

GLP-1 {7-36) (amide) . , .. 

Related Peptides 

Giubagon' ■ 
Secretin 
GIF 
GRF 

Negative Controls 

GLP-i(i-37) 
GLP-l{2-37) 
GLP-1C3-37) 
GIiP-l(4-37) 
GI.P-l(5-37) 

Analoq:s 

(h'^)'^-GLP-1(7-37) 
(Y)^-GLP-l(7-37) 
(N-acetyl-H) ^-GLP-1(7-37) 
(Nr-i^bprppyl-H) ^-GLP-l (7-37) 
(K)^-6LP-1(7-37) 
(a''')*-GLP-1(7-37) 
(E^)^-GIiP-1(7-37) 
(P)^-GLP-1(7-37) 
(b''^)®-6LP-1(7-37) 
(F''^)"-GU»-i(7-37) 
(S) (R) (R) (Q) 2^-GLP-l (7-37) 
(S)®(Q)^(Y)^^(K)"(D)2^-6LP-1(7-37) 0.31 



ED50 nM 
Duplicate Assays 



1«1 
5.0 . 

15.5 

15.5 
350.0 
0.40 

55.0 
0.17 
0,90 

12 iO 
0.94 



0;25 
fl.20 



140 
37.5 

2900 



81 
200 
750r-970 



2.2 
5.0 



0.55 
74.0 

0.28 
. 0.90 
23.0 

1.8 
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The various analogs of the /invention thus show a 

uiseful range of . potencies in the insulinotropic assay. 

y • . . . u V .... • 

• . •• • ' ' • •" ' * ; ■ 

i • ' E^airole 2 

5 Enhanced kt^nyi rtv of GLPr>i Analogs 

A. Demonstration of Mode of Inactivation 

The GLP-i (7-37) truncated hormone was 
radioiodinated and the ptOErified peptide was incubated 

10 with plasma and assayed 1^ radiolabel sequfencirig as 
described hereiiiabovev The sequencing was done on 
samples at time zero, IS.jiiinutes and 60 minutes. At time 
zero, a single peak : of 'Ziiaaioactivity^ found at cycle 
13 indicating no d^tdfradatibn. After^ is minutes, the 

15 amount of radioactivity in eye 1*6 13: was reduc^, and that 
in cycle 11 was enhanced After 60 minuted of 
incubation, virtually ald^^of the counts appeared at cycle 
11. " V.:- 

It thus appears that a single dipeptidyl 
20 aminopeptidase cleavage is responsible for the 
degradation of the jfiLP-l (7-37) peptide.^ 

• The f 6tegi6i^ 
.degradation as measured by RlA using N-terminal specific 
and C-termiria:i "specif ic ^tisera. When incubated with 
25 plasma as described aboVe and tested by klA, no 

diminution in the abiliti| of tttfe recovered fragment to 
inhibit binding of radidl^eled 6LP-1 (7-37) to carboxy 
terminal-specif ic antiboqly was found; however, the 
ability to inhibit btndiKig to the' amino terminal-specific 
30. antibody decreased almost- to z#if($ after 1 hour. 

B. GLP-l (7-37) Analbas Tested bv Radiolabel Sequencing 

The radiolabel seguencirig method of degradation 

analysis was conducted u^ing a GLP-i (7-37) analog which 

35 ■ ' 
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contained either D-Asp in the apposition or D-Ala in the 
8 -position. The results of this assay are shown in 
Figure 3. Figiire 3A shows the results for (D^)^-GIiP-l 
(7-37) arnd Figure 3B shows the results for (A^)®-GLp-l 
5 . (7r-37) • As shown in these figures/ the (D^)^ analog" 
degiifkdes' in a manner similar to 6LP-1. (7-37) ; oh the 
other hand, the (A* ) analog Showed almost no degradation 
• after '60 iioinutes. ' . . " " ' • ' \ . ' 

10 C. Analogs Tested bv RJ3L ' " ' ■ 

: The N-terminal specif ic antibody cari used to 
measure the degradation of analogis only if it is able to 
cross-react with these analogs , which themselves contain 
alterations in the N-terminus, Figtire 4 shows the 

15 results for analogs modified at positions 7, B and 9. 

(Y)^, (K^)^ and (a"^)® appear to be capable, although at 
high concentrations, of cross-reactivity; (D^)^ is not. 
The cross-reacting peptides were incubated with plasma 
for 60 minutes at high concentratioris (10-100 liM) and 

20 tested by RIA using RIA agatihst the N-termihal specific 
antibody. Consistent with the results in paragraph B, 
the (A^)® analog was not degraded after 60 minutes, nor 
was the (H*'^)^ analog. However, the (Y):^ analog was 
degraded* 

25 

D. Analogs Shown Protease Resistant by HPLC 

The resistance of various analogs to degradatidn as 
compared to GLP-1 (7-37) was also tested by HPLC as 
described above. The incubation in plasma was for 60 
30 minutes; either degradation was not observed or was 

complete after this time. The results are shown in Table 
2. ' - ' • ' . • 
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TABLE 2 



Analog 



Rissistance to 
i Degradation 



10 



15 



(H^")^ 6LP-1. (7-^37) 

(N-acetyl-^H) 7 GLPr-X, (7737) . 

(N-isopropylrH)' Gtj-l (7^37) - . 

(Y)^ GLP-1. (7^37.) ■ V ■ 

(K)^ GIP-1: ( 7*^37) ' 

(N-acetyl-K)'' GLP-1 (7-37) 

(S) ^ (Q) ^ (Y) (K) ^^{DX^^ 4^"^ (7-37) 

(a"'')^ GLP-1 (7-37) .. 

(D''')^ GLP-1 (7-37) r • 

(E''")^ GLP-1 (7-37). .: . 

(Q)^ GLP-1 (7-37) 



■ + 



20 



25 



30 



I 

[ii 

I 



.35 
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Clalms 

X. A peptide useful sb a therapeutic for Type II - 
5 diabetes, said peptide being ©ore potent than glucagon in • 
stimulating insulin release from islet cells/ and said 
peptide consisting essentially of GLP-l(7-34), 
6LP-l(7-35), GLP^l(7-36), or GLP-l(7-37) or the 
C-terminal amide torm thereof, having at least one , / 

10 modification selected from the; group consisting of: 

(a) substitution of a neutral amino acid, arginine, 
or a D form of lysine for lysine at position 26 and/or 34 
€md/or a neutral amino acid, lysine, or a D form of 
arginine for arginine at position 36; 
15 (b) substitution of an oxidation-resistant amino 

acid for tryptophan at position 31; 

(c) substitution according to at least one of: 

Y for V at position 16; C3 

' ■ • ' ■ rn 

K for S at position 18; tO 
20 D for E at position 21; 

S for G at position 22; ' . 

R for Q at position 23; ^ 

R for A at position 24; and ^ 

Q for K at position 26; S 
25 (d) a substitution comprising at least one of: pi 

an alternative small neutral amino acid for A O 

at position 8; 

an alternative acidic amino acid or neutral 

amino acid f or E at position 9; ? 
30 an alternative neutral amino acid for G at . 

position 10; and . . 
. . an alternative acidic amino: acid for D at 

position 15; and . 



35 
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(e) substitution of kh altetnative neutral amino- 
acid or the D or N-acylated or aljcylated form of 
histidine for hi^tidine aft position .7 ; 

Wherein for fa) i (b) , ^{d)}^Lri0. Xe) , the substituted 
5 amino acids cam optionally be in th^ D form and the amino 
acids substituted at posit ioft 7^ e be in the 

N-acylated or N-alkyIatT^-foJrm, !\ 

2 . The peptide^ of ji&laim i, Wherein /the bn^^^ 
10 modification is as set f b^th iii j^t^agiraiph (a) of claim 1 
and wherein the aupniho acxa sub^t i^:ti|:eid for lysine at 
positions 26 and/ or 34 id selected frbia the group 
bonsisting of K^, G, S/ L/ l/' Q, "H^^^ R arid and the 
amino acid substituted :^r air giltine at posit ion 36 is 
15 selected from the ^^rbup bbnisistirig K^, G> S, A, L, 

I> M, and R^y 

optionally in combination Wltti a modification as 
set forth in one additional parii^raph of claim 1. 



4. The peptide' of^ eiaim 1 Vi1i«e^^ thei only 
modification is as set *f o^th in par^ (c) of claim 1 

30 and wherein combined subjstitutions of S for G at position 
22^ R at positions 23 and 2.4 for Q and A respectively, 
and Q for K at position 2^ have been made, or 
substitutions of Y for W at. ipositlbn .16 and K for S at 

35 - .s^ ' ' 



20 3. The peptide of claim 1 wherein the only 

modification is as set fourth in" paf^ (b) of claim 1 

iiLnd' i^rhdriei ainliib ac^ :si^i%ltt\t€ ^6r tryptophan at 

pbsit^^^^ is seiectffed f roto t^^ of F, > 

^' aAd y/--"""- r'-^ '-i ^--^ ^ 

25 ' ^' opitiohailiy in cdoibihation with a modification as 
set forth in one additioiijil paCra^aph of claiim i. 



I 
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position 18 have been made, or these isiibstitutions plus D 
for E at positions 21 have been maide, 

optionally in combination with ai miodification as 
set forth in one additional paragraph of claim !• 

5 * 

5. The peptide' of claim 1 wherein the only 
modification is as siet f oi^ti^^lh pdriagrslph^ . (^^^^ of craiid i 
and wherein tiie. small neutral amino acid substituted for 
alanin^ at position 8 ii^ i5eiect:ed 'i^rOT 

10 cortsistiinDg dt' S, S^y^'G-^"' 'c^^ C^^ ii^t^I^^ ' a 

arid the acidic or rieutra:! am^ substitiited f or 

glutamic at position 9 is selected from the group 
consisting of E^, D, D^, Cya^ T, T^, N^, Q, Q^^ Cit, 
MSO, and acetyl-K, and the alternative neutral amino acid 

15 siibstituted for glycine at position 10 is selected from 
the group consisting of S, , Y, Y^, T, T^, N, N^, Q, 
q'''. Git, MSO, acetyl-K, and f''', 

dptibnaiily in combination with a modification as 
set forth in one additional paragraph of claim 1. 

20 

.6. The peptide of claim I'^wherein the only 
modification is as set forth in paragraph (e) of claim 1 
and wherein the amino acid substituted for histidine at - 
position 7 is selected from the group consisting of. 
25 Y> y''^, F, f'^^/r, R^, Om, Orn^, M, M^, N-formyl-H, 

N-formyl-H^, N-acetyl-H, N-acetyl-H^, N-isopropyl-H, 
N-isopropyl-H^ , N-acetyl~K; N-adetyl-K"'^, P, and P^, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim l. 



35 
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7. The peptide of claim 1 which is selected from 

the group consisting of / , . . 

■ •• ■ . 

(H^)'-GLP-1(7^37) _. 

5 (Y)^-GLP-l(7-37) , .. *• 

r (N-acetyl-H)^*GLP-l(7-37) , 

(H-isopropyl-Hy^-GLP-1 ( 7^3 7 ) , - 

(A^)^-GLP-l(7-37), , r; 

^° (e''')^-GLP-1(7-37) J V 
. (D)^-GLP-1(7-37) , 

(d'^)^-GLP-1(7-37>, / ; 

(F''')^^-GLPr-l (7-37) / ^ 

(S)^^(R)^^(R)^^(Q)2^-GLE-i(7~37r^^ . 
(S) ® (Q) ^ ( Y) (K) (Di ^^^®LP-1 C7-37). . 

8. A peptide, useful as a therapeutic for Type II 
20 diabetes, said peptide having enhanced resistance to 

degr^tdatipn in plasma a^J. compared to OLP-tl (7-37) and 
said peptide, cphsist^ng. igi^gentfaily of GLP-1 (7-34 ) , 
GLP-l(7-35) , GLP-1 (7-36) /or GLP-1 (7-37) or the 
C-teminal andde fom tJiier^of ^ having at least one 
25 modification selected from the groiip consisting of: . 

, (a) sulbstitution of the^D form of a neutral or 
acidic amino aqid i^r tfte; D form at histidine for 
histidine at position 7; 

(b) substitution of a p,f<%m of an amino acid for 
30 alanine at position 8; and 

(c) substitution of an N-acylated (1-6C) or N- 
alkylated (1-6C) form of an alternate amino acid or of 
histidine for histidine at position 7 • . 
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9. The peptide of claim 8 wherein the only 
modification is as set forth in paragraph (a) of plaim J3 
and wherein the D form of the amino acid substituted for 
histidine at position 7 is selected from, the group 

5 consisting of P^, D*^ , ,E^, n''' / q"'', lT, vt, it ahd.H''',, 
optionally in combination wito a modif 
set forth in one additional paragraph of claim S..^^^ 

10 . The peptide of cl^im . 8 whez^ein l^e (Pnly 

10 mpdif ication is as^set fprtJi in. par digraph <b) of ■ claim 8 
and wherein the D-amino aqid at position 8 is selected 
from the group consisting of P^^ y^, l^, i^, and A^^ 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8. 

15 

11. The peptide of claim 8 wherein the only 
mpdif iciation is as set forth in paragraph (c) of claim 8 
and wherein the alkylated or acetylated amino acid is 
selected from the group consisting of D, E, N, Q, V, 

20 L, I, K AND H, 

optionally in combination with a modification as 
set forth in one additional paragraph of claim 8. 

12 . A pharmaceutical composition useful in the 
25 treatment of diabetes Type TI which comprises an 

effective amount of the peptide of claim 1 or 8 in 
admixture with a pharmaceutically acceptable excipient* 

13.. A method to treat Type II diabetes which 
30 .method comprises administering to a subject in need of 
such treatment an effective amount of the peptide of 
claim 1 or. 8 or a pharmaceutical composition thereof . 
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14. The peptide of claim 8 which is selected from 
the group consisting of 

(H^)'-GLP-l {7-37)i, . - 
5 (N-acetyl-H)^-GIjP-l (7-37), 

: (N-isopropyi-i-H) '-GliP-i (7-37) , 
(N-acetyl-rK) '-GLP-1 (7-37), and 
(A^)^-GLP-l (7-37). 

10 • . ■.. 



15 



20 



.25. 



30 
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Acidic: Glu (E), Asp (D); Cysteic (Cya) 



Basic: 



Non-cyclic: Lys (K), Arg (R); Ornithine (Om); 

Homoarginin (Har) 



CycHc: His(H) 



Neutral 



Polar 



Non-Polar 



Small Large 



Non-aromatic Aromatic 



Small 



Large 



Non-aromatic Aromatic 



Gly (G) 
Ser (S) 
Cys (C) 



Thr(T) 
Asn(N) 
Gln(Q) 

Cit 
MSG 
Acetyl Lys 



Tyr (Y) Ala (A) Val (V) Phe (F) 

Leu(L) Trp(W) 
He (D 



Sar tBuA 
Beta-ala tBuG Phg 
Aib N-MeDe 

Nle 

Cha 
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FIGURE 2 . . J ■ 

The following are modified toxms, as shown, of 
GLP-l(7-37) : 



A-1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-iO 

A-21 

A-2 2 

A-2 3 

A-2 4 

At25 

A-2 6 

AT?? 

A-=-28 
,A-29 
Ar30 



t.7 



(Ht)^ 

(prn) 
(Om^) 

(N-acetyl-K^ ) 

(At)« 

(Sar)® 

(C)8 

(ct)« 



A-12 
A-13 

Ari4 

A-15 
A- 16 
A-17 
A-18 
A- 19 
A-20 
A-31 
A-3 2 
A-33 
A-3 4 
A-3 5 
A-.36 
A-3 7 
A-3 8 
A-3 9 
A-40 



(N-f ormyl-H)/' 
(N-formyl-H"'')!' 
(Nr^apetyl-H) ^ 
(H-acetyl-H"'^)^ 
(N-is6propyl-H) ^ 
(M-isbpropyl-H''^ ) ^ 

(N-acetyl-K)"' 
(beta-Ala®) . 
(Aib^) 

(D)^ 

(Cya)^ 
(T)^ 

(N)^ 



Ar4l 

A-42 
A-43 
A-44 
A-4 5 
A-4 6 
A-47. 
A-4 8 
A-4 9 
A-50 



(Q) 



(Cit)^ 
(MSO)^ 
(Acetyl-K)' 

(s"''Vio 

(yt)lO 
(T)" 



A-51 
A-52 
A-53 
A-54 
A-5 5 
A-56 
A-57 
A-58 
A-59 



SUBSTItUn SHEET 



(N) 



10 



10 
10 



10 



(Cit) 
(MSO) 



(Acetl-K) 
(Ft)" 

(S)22(R)23(Rj24(Qj2 
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FIGDRE 2. con' t 



A-61 (S).®(Q)^(Y)"(K)"(D)21 
A-62 (T) (K) i \ 
A-63 (Y)". 



At:65 (E)^5 

A-66 (K) 

A^67 . (D)^^ 

Ar-68 (S);^^' 

A-^69, (R).^^ 

A-70 (R)^^ 



A-81 


(Kt 




A-82 


(6) 


34 


Ar83 


(S) 


34 


A-84 


(A) 


34 


A-,85 


(L) 


34 


A-86 


m 


34 


A-87 


(Q) 


^4 


A-88 


(M) 


34 


A-89 


(F) 


31 


A90 


(V) 


31 



A-71 




Avyz -. • 


(Q) 


A-^73 


(Kt)26 


A- 7 4 




A-.7S. . ■ 




A-76 


(A)?^ 


Air78. 


(L)f* 


A-79. 

'f -sSJ • 

A-8p, 


(Rtp^ 



A-91 (L)"^^ 

ArSi? (I)^^ 

A-93 (A)^^ 

lL-94 (Y)^^ 

A-95 (R^).^^ 

A-97 (K)^^ 

A-98 (k"^)^^ 

A-99 (G)^^ 

ArlOO (L)^® 

A-ipi (T)^^ 

h-102 (Q).;^^ 

A-103 (M)^^ 

A-104 .(rI^^)^^ 

A-105 (S)^*^ 

A-106 (A)^^ 



~,BSri#rE SHEET 
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